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Tidal freshwater marshes (TFMs) are unique ecosystems that bridge the gap 
between terrestrial and aquatic ecosystems and are important in the sequestration of soil 
organic carbon. With the ever changing global climate, TFMs are left vulnerable to 
downstream effects of rising sea level and salt water intrusion due to increases in flooding 
by saline waters. These changes often act over large spatial and temporal scales resulting in 
significant impacts to local and regional environments. This multidisciplinary study 
assessed the amount and lability of desorbed organic carbon in tidal freshwater marsh soils 
from the Waccamaw River Marsh, South Carolina and Sweet Hall, a marsh on the 
Pamunkey River, Virginia. Soils from each marsh were extracted at 0-35 practical salinity 
  x
units (psu) and the dissolved organic carbon (DOC) concentration, and carbon lability of 
the leachates were measured. At increasing levels of salinity, soil desorption amounts were 
higher in the Waccamaw River marsh interior and similar between the Waccamaw River 
creekbank and Sweet Hall levee. A larger fraction of desorbed DOC was consumed in the 
more organic soils from the Waccamaw River marsh in comparison to the more mineral 
soil from Sweet Hall Marsh. Finally, the rate of decay of the desorbed carbon was highest 
in the Sweet Hall levee soils, indicating more labile desorbed carbon, while the Waccamaw 
River Marsh soils had lower decay rates indicating less labile desorbed carbon.  By 
understanding how salt water intrusion affects desorption and lability of soil organic 
carbon, in coastal marshes, we may be able to better understand how increasing sea levels 
may affect carbon storage in coastal ecosystems. 
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Introduction 
 
Tidal freshwater marsh ecosystems bridge the gap between terrestrial and aquatic 
ecosystems and are often associated with large river systems that contribute runoff and 
nutrients through downstream flow. Globally found, tidal freshwater marshes are located in 
a variety of climatic, hydrologic and geomorphologic conditions (van der Valk, 2006). 
Important economic and environmental functions of tidal freshwater marsh ecosystem 
include water filtration, nursery habitation for juvenile fish, sequestration and storage of 
carbon and organic matter, and provision of a barrier to encroaching tidal waters, in 
addition to many others (Odum, 1988; Mitsch and Gosselink, 1993). Based on their 
location between terrestrial and aquatic systems, tidal freshwater marshes are vulnerable to 
the ever changing environmental conditions that will soon impact them. 
With predicted global change and increases in the atmospheric CO2, sea level rise, 
eutrophication and salt water intrusion are expected to affect the chemical and physical 
properties and distribution of these tidal freshwater marsh ecosystems as each is subjected. 
As the global human population increases and the effects of anthropogenic impacts rise, 
the amount of atmospheric CO2 is predicted to double, which is ultimately expected to 
raise the mean surface temperature by 2 to 4.5°C (IPCC; Meehl, G.A., et al., 2007; 
Neubauer and Craft, in press). With the increase in temperature, this will lead to heating of  
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the oceans resulting in thermal expansion. By 2095, global sea level rise is projected to 
increase between 18 to 55 cm, resulting in salt water intrusion (IPCC). This acceleration of 
sea level rise will lead to the inundation and introduction of salt water into areas that were 
once dominated by freshwater resulting in wetland loss and conversion (Park, R.A., et al., 
1989; Moorhead and Brinson, 1995; Neubauer and Craft, in press). 
Due to the fact that these systems are located globally, each system has its own 
physical and chemical makeup, and the magnitude of the effect of global change over 
different areas is unknown. Therefore, it is hard to forecast and predict how each individual 
tidal freshwater marsh will be affected by changing climate. Because these tidal freshwater 
marshes are highly dependent upon freshwater inputs, the introduction of salt water is 
believed to be one of the more significant impacts that will change essential features of 
tidal freshwater marshes (Neubauer and Craft, in press). This stress will ultimately affect 
the sorption, storage and sequestration of nutrients, specifically carbon (Neubauer and 
Craft, in press).  
Tidal freshwater marsh soils act as a storage mechanism for carbon that has been 
transferred from the atmosphere to the land plants via the process of photosynthesis. 
Organic carbon that survives microbial decomposition may become associated with soil 
minerals (Butman, D., et al., 2007), thereby increasing its potential residence time in the 
marsh, as microbes may be unable to degrade the recalcitrant carbon (McCallister, S.L., et 
al., 2004; McCallister, S.L., et al., 2005; McCallister, S.L., et al., 2006; Butman, D., et al., 
2007).   
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In temperate soils, three mechanisms may explain the preservation of organic 
carbon in soils and sediments (Guggenberger, 2003; Lützow, M.V., et al., 2006; Smernik 
and Skjemstad, 2009). The first mechanism is selective preservation/enrichment, which is 
a process by which organic matter accumulates due to its inherent recalcitrance and is not 
available for degradation by microorganisms and enzymes. Examples of selectively 
preserved compounds may include components of plant litter, humic polymers and 
charcoal, due to their chemical recalcitrance (Lützow, M.V., et al., 2006). The second 
mechanism associated with organic carbon preservation is spatial inaccessibility. Soil 
organic matter can become inaccessible due to occlusion (reduced access to microbes and 
chemical processes), hydrophobicity (the soil surface is unable to be wet leaving the 
environment inhospitable to some microbes) and intercalation/encapsulation (the 
association of recalcitrant organic matter with impenetrable macromolecules) (Lützow, 
M.V., et al., 2006). The final mechanism for organic carbon preservation in soils may 
result from its associations and interactions with minerals and ions located in the soil 
(Lützow, M.V., et al., 2006). Because soils have a variety of physical and chemical 
properties, no one mechanism can define how organic carbon is preserved. Several studies 
suggest that potentially the most important process of the three is the sorptive protection of 
the organic matter (Guggenberger, 2003; Smernik and Skjemstad, 2009). 
 Organic carbon may be dissociated from minerals via resuspension events, changes 
in pH and physical desorption by fresh-saline water. Thus with the intrusion of salt water 
into tidal freshwater marshes, this organic carbon may undergo an active exchange 
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between the particulate and dissolved phases. Further, nutrients surrounding labile detritus 
and the availability of oxygen may enhance the bioavailability of the desorbed organic 
carbon. Studies have shown that the signature of this soluble organic carbon may be 
incorporated into aquatic systems via bacterial decomposition (McCallister, S.L., et al., 
2004; McCallister, S.L., et al., 2005; McCallister, S.L., et al., 2006). 
  Tidal freshwater marshes play a major role in the protection of organic carbon 
from degradation via sorption onto the soil particles found within the marsh. It is 
hypothesized that increasing the salinity in the tidal freshwater marsh may reverse the 
protective properties of the soil, causing mobilization and desorption of the soil organic 
carbon, which may then be made available to the microbial communities or be released as 
carbon back to the atmosphere (Neubauer and Craft, in press; Smernik and Skjemstad, 
2009).  Accordingly, the transfer of terrestrial organic carbon across the aquatic interface 
may catalyze its bioavailability as a result of several simultaneous biological, chemical and 
mechanical drivers.  
Previous research (Butman, D., et al., 2007) examined larger soil ecosystems 
demonstrating the effects that salt water intrusion would have on soil organic carbon, 
ignoring tidal freshwater marsh soil contributions. However, as demonstrated earlier, these 
tidal freshwater marshes are vulnerable to global climate change, sea level rise and salt 
water intrusion. Without the knowledge and understanding of how these ecosystems are 
could be affected by climate change, it would be difficult to predict future changes to these 
wetlands. 
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The purpose of my study was to investigate the amount and lability of the desorbed 
organic carbon from tidal freshwater organic and mineral soils through exposure to various 
salinities (0-35 psu).  These data will provide a basic understanding of how tidal freshwater 
marshes may respond to sea level rise and concurrent salt water intrusion, as well as assess 
the impact that salinity variations may have on the fate of the soil organic carbon that has 
accumulated within these tidal freshwater marsh sediments. The primary research 
objectives were to (i) measure the amount of soil organic carbon that is desorbed from tidal 
freshwater organic and mineral soils with fresh and salt waters and (ii) determine the 
lability of desorbed soil organic carbon from both soil types across salinity treatments. 
 
  6 
 
 
 
Methods and Materials 
 
Study Sites 
Waccamaw River Marsh, Murrells Inlet, South Carolina 
Organic soils were collected from two sites, a marsh interior and a creekbank, 
within a tidal freshwater marsh located in Brookgreen Gardens in Murrells Inlet, South 
Carolina (33°31' N; 79°05' W) (Figure 1). The marsh interior was vegetated with 
Narrowleaf Cattail (Typha angustifolia), Giant Cutgrass (Zizaniopsis miliacea), Green 
Arrow Arum (Peltandra virginica), and Pickerelweed (Pontederia cordata). The 
creekbank was vegetated by Narrowleaf Cattail (Typha angustifolia), Giant Cutgrass 
(Zizaniopsis miliacea), Green Arrow Arum (Peltandra virginica), Arrowleaf Tearthumb 
(Polygonum sagittatum), and a variety of vine species.  
Sweet Hall Marsh, Gloucester Point, Virginia 
Sweet Hall Marsh (37°34' N; 76°50' W) is an emergent tidal freshwater marsh 
that is located on the Pamunkey River, which is approximately 83 kilometers from the 
mouth of the York River in Virginia (Figure 2). This marsh is a part of the Chesapeake 
Bay National Estuarine Research Reserve system in Virginia (CB-NERRVA). Tidal 
mineral soil was collected from the levee surface. The study site was dominated by 
vegetation including sedges (Carex spp.), reed grass, rushes (Scirpus spp.), Narrowleaf 
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Cattail (Typha angustifolia), Marsh Mallow (Kosteletzkya virginica) and Panic Grass 
(Panicum virgatum). 
Soil Collection and Analysis 
From each site, the surface level (0-10 centimeters) of soil was removed. Any 
debris (leaves, roots) that was embedded in the soil was removed from each sample. 
Following the collection, the representative soil types were dried at 60º C using a Fisher 
Isotemp 500 Series Oven for approximately 24 hours and then weighed.  
Basic soil properties were determined by A&L Eastern Laboratories, Inc. in 
Richmond, Virginia. In addition, representative soil types were analyzed for carbon and 
nitrogen composition. A small amount of each type of dried soil was added to 
scintillation vials and 5-8 drops of concentrated HCl were added. These samples were put 
into the drying oven at 60°C until ready for processing (Pella, 1990). Samples were 
weighed using a PerkinElmer AD 6 Autobalance and Autobalance controller. The range 
for the Autobalance controller was set at 20 milligrams. The dried soils were then sent to 
Belle W. Baruch Marine Field Laboratory in Georgetown, South Carolina to be analyzed 
on a Costech ECS4010 CHNS/O analyzer. 
Determination of Soil Organic Content 
In order to determine the amount of soil organic content that was present in each 
of the soil types collected from the Waccamaw River Marsh, South Carolina and Sweet 
Hall Marsh, Virginia, duplicate samples of each soil type were dried (65° C) in a drying 
oven and weighed. These samples were then placed in a muffle oven and combusted at 
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500º C for four hours. After cooling, these samples were be reweighed. To determine the 
soil organic content, equation (1) was used. 
(1) Percent of Organic Matter = [(mass of soil before combustion- mass of soil after 
combustion)/ mass of soil before combustion] *100 
Desorption of Carbon from Soil 
Waccamaw River Marsh, South Carolina 
To quantify the amount of desorbable organic carbon from the marsh interior and 
the creekbank soils, a leachate experiment was performed. In order to mimic natural salt 
water intrusion, salinity treatments of 0, 5, 10, 20 and 35 psu were created with Sigma 
Life Science Sea Salts. To ensure that the pH was similar of these salinity treatments to 
the natural environment, pH adjustments were made by adding 0.1 N of NaOH. For 0 
psu, the pH was adjusted to a range of 6-7, for the 5-10 psu bottles, the pH was adjusted 
to be the range of 7 and 7.5, and for the 20-35 psu bottles, the pH was adjusted to be 
between 8 and 8.5. Following the addition of 0.1 N of NaOH, pH adjustments were 
measured using Whatman pH strips. Each salinity solution per soil site contained four 
liters of the corresponding salinity and twenty-one grams of the corresponding soil type. 
These leachates were left for twenty-four hours at 20°C in the dark and periodically 
shaken. Following the conclusion of the twenty-four hour desorption, each leachate 
solution was filtered through a 142 mm muffled (525°C, 4 hours) GF/F filter. The 
resulting leachates for each solution were subdivided into triplicate for dissolved organic 
carbon (DOC) decomposition. 
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 In order to supplement the artificial salt water solutions with bacterial 
communities from the representative salinity variations that were tested, freshwater, 
intermediate and salt water inoculums were collected from a tidal creek at Brookgreen 
Gardens, the Waccamaw River at Hagley Landing and a salt marsh creek in the North 
Inlet system, respectively. Each inoculum was filtered through a combusted (525° C, 4 
hours) GF/F 47 mm (0.7 µm) filter. One percent of each inoculum was added to the 
resulting triplicate leachate solutions. Inorganic nutrients, 10 mM NH4Cl, 1 mM KH2PO4, 
10 mM NaNO3, were added to ensure that bacterial DOC decomposition would not be 
limited by inorganic nutrient availability based on C:N:P of bacteria (Zweifel, U.L., et 
al., 1993). 
Sweet Hall Marsh, Virginia 
A similar leachate experiment was performed to determine the amount of 
desorbable organic carbon from the tidal mineral soil. As previously stated, increasing 
salinity treatments (0, 5, 10, 20 and 35 psu) were created with the above pH adjustment. 
Each salinity solution per soil site contained one liter of the corresponding salinity and 
three grams of the corresponding soil type. These leachates were left for twenty-four 
hours at 20°C in the dark and shaken on a multipurpose rotator. Following the conclusion 
of the twenty-four hour desorption, each leachate solution was filtered through a 47 mm 
(0.7 µm) muffled (525°C, 4 hours) GF/F filter. The resulting leachate for each solution 
was then subdivided into triplicate for dissolved organic carbon (DOC) decomposition. 
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As before inoculums were collected from the study site at Sweet Hall Marsh 
(fresh), the pier at Virginia Institute of Marine Science (VIMS) overlooking the York 
River (intermediate), and the Chesapeake Bay Bridge tunnel fishing pier (salt) to provide 
bacterial communities from each representative salinity tested. Each inoculum was 
filtered through a combusted (525°C, 4 hours) GF/F 47 mm (0.7 µm) filter. One percent 
of each inoculum was added to the resulting triplicate leachate solutions. Inorganic 
nutrients (10 mM NH4Cl, 1 mM KH2PO4, 10 mM NaNO3) were also added to each 
triplicate bottle to prevent inorganic limitation of carbon metabolism (Zweifel, U.L., et 
al., 1993). 
Dissolved Organic Carbon (DOC) and Carbon Lability  
Carbon lability of desorbed carbon of the representative soil types was measured 
through a long-term incubation technique in which the leachates were left in the dark for 
48 days at 25ºC. This time interval was sufficient to allow for the majority of labile DOC 
to be remineralized. Water samples (40 mL) were preserved with 200 μL of concentrated 
HCl and refrigerated in the dark until processed using a Shimadzu TOC analyzer that 
measured DOC concentrations.   
Inorganic Nutrients 
 Prior to the addition of inoculums and inorganic nutrients, 45 mL of each 
triplicate solution were placed in a 50 mL conical tube to be processed for total nitrogen 
(TN) and total phosphorus (TP). Samples were placed in the freezer until processed in the 
VCU Environmental Analysis Laboratory using the Skylar CFAA System.  
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Calculations 
Estimates of the percent of dissolved organic carbon (DOC) used, total amount 
carbon desorbed and rate of the DOC remineralized were calculated using the DOC 
concentrations from the desorption experiments for all representative soil types. The 
following formulas were utilized. 
(2) Total Amount of Carbon Consumed= XI-XF;  
(3) Percent of DOC Used= {[XI-XF]/ XI}*100; 
The non-linear first order exponential decay model was also applied to the DOC 
concentration measurements of each soil type to determine the rates of carbon decay 
through time using the formula:  
(4) y=y0 + Ae–kt 
where y0 is the DOC concentration not consumed, A is the amount of labile DOC, 
k is the decay constant and t is the time.  
Statistical Analysis 
Data was imported into Origin 8 (Apps2Go) and an analysis of variance (two-way 
ANOVA) was used to examine statistical differences in average amounts of dissolved 
organic carbon (DOC) desorbed among salinity and respective soil types. If significant 
differences were noted (p≤0.05), a one-way ANOVA was conducted to determine what 
the differences were for each salinity and respective soil type. In addition, a Tukey HSD 
post-hoc analysis was run to determine in the one-way ANOVA where differences lie. 
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For presentation of data, this study focuses on fresh water (0 psu) and salt water (35 psu), 
as trends with intermediate salinities were not consistent. 
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Results 
 
Soil Properties 
Soils from the Waccamaw River Marsh in South Carolina were both organic with 
soil organic matter percentages of 63.5±2.9%, 50.2±0.5%, respectively (Table 1). The 
marsh interior soil had a higher soil organic matter percentage, and the creekbank had a 
similar, yet lower soil organic matter percentage. At the Sweet Hall Marsh in Virginia, 
one representative soil was collected. This soil was classified as a mineral soil with a soil 
organic matter percentage of 14.0±1.1% (Table 1).  
Soil texture for both the Waccamaw River Marsh soil and the Sweet Hall Marsh 
soil were determined using the Bouyoucos, 1962 method. The Waccamaw River Marsh 
soil for the marsh interior and creekbank were classified as sandy loam and sand, 
respectively. The Sweet Hall Marsh soil had a texture of sandy loam. Both the organic 
and mineral soils were similar in the soil components of percent sand, silt and clay. The 
one notable difference was for the Waccamaw River Marsh creekbank soil that had a 
higher percentage of the sand component (Table 1). Percent base saturation was also 
measured on the Waccamaw River Marsh soils and the Sweet Hall Marsh soils. Much 
like the soil components being similar between the two sites, the percent base saturation  
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was also similar. One difference that was seen was with the percent of calcium. The 
creekbank soil from the Waccamaw River Marsh was two times higher than the marsh 
interior soil at the same site and the mineral soil of Sweet Hall Marsh (Table 1). 
Soil pH values for these sites ranged from moderately to slightly acidic (pH 5.7-
6.9) (Table 1). The percent organic carbon for the Waccamaw River Marsh soils and the 
Sweet Hall Marsh soils ranged from 5.9 to 16.6% (Table 1). The Waccamaw River 
organic marsh interior and creekbank soils were three times higher in percent organic 
carbon in comparison to the Sweet Hall mineral levee soil. The organic soils were similar 
in each of the percent carbon compositions. Percent total nitrogen of the soils ranged 
from 0.6 to 1.1%, with the Waccamaw River organic soils having two times higher 
nitrogen percentages relative to the mineral soils of Sweet Hall (Table 1). Cation 
exchange capacity between the sites was very similar, ranging from 15.1 to 20.6 (Table 
1). The carbon to nitrogen (C:N) ratios ranged from 10.6 to 15.5. The mineral soil from 
Sweet Hall Marsh had the lowest C:N ratio of 10.6 followed by the creekbank soil of the 
Waccamaw River Marsh that had a C:N ratio of 14.9. The marsh interior soil of the 
Waccamaw River Marsh had the highest C:N ratio of all three soils, 15.5 (Table 1). 
Elemental Composition of Soil Leachates  
 Total nitrogen and phosphorus were measured for soil leachates from the 
Waccamaw River Marsh organic soils (marsh interior and creekbank) and Sweet Hall 
Marsh mineral soil (levee). The total nitrogen concentrations of the representative soils 
ranged from 0.1±2.0x10-2 to 0.8±0.1 mg of nitrogen per g of respective soil and 
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0.1±1.0x10-2 to 0.6±1.0x10-2 mg of nitrogen per g of respective soil for 0 and 35 psu, 
respectively (Table 2). The two-way ANOVA revealed that there was a statistically 
significant difference between salinity and site for the total nitrogen concentrations 
(p<0.0001). Total nitrogen levels decreased from 0 psu to 35 psu for the Waccamaw 
River organic marsh interior (One-way ANOVA p<0.001) and remained the same for the 
Sweet Hall mineral levee soil (Table 2; One-way ANOVA p<0.05). The one-way 
ANOVA showed that salinity did not have a significant difference on the Waccamaw 
River organic creekbank soil (p>0.05). One-way ANOVAs revealed that within a salinity 
level that there is a statistically significant difference between the three respective sites 
(p<0.0001).  
Total phosphorus concentrations were shown to have a statistically significant 
difference between respective sites and salinities (Two-way ANOVA p<0.01). Between 0 
and 35 psu, the total phosphorus concentration for the Waccamaw River organic marsh 
interior soil had a statistically significant decrease with the increase of salinity (Table 2; 
One-way ANOVA p<0.01). The concentration of phosphorus remained constant with the 
introduction of increased salinities for the creekbank soil (One-way ANOVA p>0.05). 
Unlike the total nitrogen concentrations that remained constant with increasing salinity, 
the Sweet Hall mineral levee soil showed a statistically significant decrease in total 
phosphorus concentrations (Table 2; One-way ANOVA p<0.05). One-way ANOVAs 
revealed that within 0 psu that there is a statistically significant difference between the 
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three respective sites (p<0.005), while 35 psu did not have a statistically significant 
difference (p>0.05). 
Total nitrogen to phosphorus ratios (TN:TP) in the soil leachates were calculated 
for the three sites. TN:TP ratios for 0 psu ranged from 1.0±0.3 to 12.1±1.7 with the Sweet 
Hall mineral levee soil having the lowest TN:TP ratio and the Waccamaw River organic 
marsh interior having the highest TN:TP ratio by a factor of ten. The TN:TP ratios for 35 
psu were higher ranging from 3.3±2.1 to 22.2±4.9 (Table 3). Again, the Sweet Hall 
mineral levee soil leachate was the lowest and the Waccamaw River organic marsh 
interior soil leachate was the highest. When comparing the TN:TP to the average DOC 
concentrations, as the DOC concentration increases, the TN:TP ratio also increased for 
the Waccamaw River marsh sites. This pattern is also evident when comparing soil 
organic carbon percentages; as the soil organic carbon percentage increases, there is also 
an increase in the TN:TP ratio in comparison to the DOC concentration. This pattern is 
not evident in the Sweet Hall Marsh levee soil; in fact, it is the opposite. As the salinity 
increases, the TN:TP ratio increased and the DOC concentrations decrease (Table 3; 
Figure 4). 
Average C:N ratios were compared to average TN:TP ratios to see if any patterns 
were present. It was noted that as the C:N ratio increased for the three respective soils, 
the TN:TP ratio also increased (Figure 5). C:N:P ratios of the soil leachates were also 
compared among salinities and respective sites. The C:N:P ratios ranged from 7.0: 1.0: 
1.0 to 62.9: 22.2: 1.0 with the Waccamaw River organic marsh interior soil having the 
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highest ratio and the Sweet Hall mineral levee soil having the lowest ratio. As salinity 
increased, there was also an increase in the C:N:P ratio (Table 4). 
Desorption and Lability of Soil Organic Carbon 
Average Amount of Carbon Desorbed  
 Increased amounts of DOC were mobilized in the Waccamaw River marsh 
interior soil in comparison to the Waccamaw River creekbank and Sweet Hall levee soil. 
Two-way ANOVA results yielded that there was a significant interaction between 
salinity and site (p<0.0001). Saline treatments yielded approximately one to one and half 
times greater the amount of DOC relative to the freshwater treatments for the Waccamaw 
River marsh interior. This pattern was not seen in the Sweet Hall Marsh, as there was 
more DOC desorbed in the freshwater treatments. One-way ANOVAs revealed that 
within 0 and 35 psu, the three respective sites had a statistically significant effect on the 
amount of DOC desorbed (p<0.05). The salinity treatments significantly affected the 
Waccamaw River Marsh soils (Marsh Interior p<0.0001 and Creekbank p<0.0005), but 
not the Sweet Hall Marsh soil (p>0.05) (Table 5; Figure 6).  
 Dissolved Organic Carbon (DOC) Bioavailability in Incubations 
 Bacterial incubations of tidal freshwater organic marsh soils consumed a higher 
average percentage of DOC than the bacterial incubations of tidal freshwater mineral 
marsh soil. The two-way ANOVA indicated that there was a significant interaction 
between the respective sites and salinity (p<0.0001). These findings suggest that there 
was a significant loss of carbon due to in situ respiration. The bioavailability of the 
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Waccamaw River Marsh soils was greater in comparison to the Sweet Hall Marsh soil. 
Total mobilized desorbed DOC decreased approximately one and a half times from 0 psu  
to 35 psu in the Sweet Hall Marsh soil, while both the Waccamaw River Marsh soils total 
mobilized DOC increase was less than one and a half times greater from 0 psu to 35 psu 
(Table 6; Figure 7). The one-way ANOVA shows that there was a statistically significant 
difference between salinity and the Waccamaw River marsh sites (Marsh Interior p<0.05;  
Creekbank p<0.0005) while there was no significant difference between salinity at the 
Sweet Hall Marsh Levee (One-way ANOVA p>0.05). This may be explained by the 
relatively low percentages and high variability that occurred within the triplicates that 
was shown from the standard deviation.  
Average Rate of Dissolved Organic Carbon (DOC) Remineralized  
 The first order exponential function was applied to the average DOC values of  
both sites, Waccamaw River Marsh, South Carolina and Sweet Hall Marsh, Virginia to 
determine the decay rates. A two-way ANOVA indicated that there was a significant 
interaction (p<0.005) between salinity and the three respective sites. For the marsh 
interior site at the Waccamaw River Marsh, South Carolina, the slope of the line, which 
was indicative of the decay rates, was not statistically different between 0 and 35 psu 
(One-way ANOVA p>0.05).  It was noted that both nonlinear curves began to plateau 
around 20 days. The only difference that was noted was that 0 psu (r2= 0.97) started at a 
lower average DOC amount and ended at a lower average DOC amount than 35 psu (r2= 
0.97). On the other hand, the creekbank decay rates between 0 and 35 psu were  
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statistically different (One-way ANOVA p<0.0005). The rate of decay for 35 psu (r2= 
0.87) had a steeper slope in comparison to 0 psu (r2= 0.93), which corresponded to a 
faster rate of decay. The average amount of DOC available plateaus at 20 days in 0 psu, 
but 35 psu steadily drops and does not reach a plateau. Finally, for the Sweet Hall Marsh 
levee soils, the rates of decay were also not statistically different (One-way ANOVA 
p>0.05). Unlike the organic soils of the Waccamaw River Marsh where the average 
amount of DOC plateaus at 20 days, the average DOC of the Sweet Hall Marsh mineral 
soil plateaus much sooner around 10 days (Table 7; Figure 8). The nonlinear curves did 
not fit as well to the Sweet Hall Marsh average DOC data for 0 psu (r2= 0.53) and 35 psu 
(r2= 0.66). Based on these one-way ANOVA results, it was found that salinity had little 
to no effect on the decay rates (Table 7).  
 When comparing the three respective sites for under 0 psu and 35 psu, the 
following results were found. The one-way ANOVA indicated that the three respective 
results were significantly different under 0 psu (p<0.0001). For 35 psu, there was no 
significant difference between site (One-way ANOVA p>0.05).  
 The tidal freshwater mineral soil had a lower amount of desorbed carbon, yet the 
decay constants were higher in both 0 and 35 psu in comparison to the tidal freshwater 
organic soils. Therefore, this implies that there was a smaller amount of labile carbon 
desorbed from the mineral soil, but the bioavailable fraction of the carbon desorbed was 
more labile in comparison to the tidal freshwater organic soils (Table 7; Figure 8). 
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Discussion 
 
Tidal freshwater marshes are important carbon sinks that contain large reservoirs of 
soil organic carbon (SOC) and represent one of the largest components of the carbon pool 
associated with terrestrial systems (Bai, J., et al., 2007; Dixon and Krankina, 1995). The 
carbon cycle within tidal freshwater marshes is controlled and regulated by interactions 
between the soil, hydrology and vegetation (Zhang, Y., et al., 2002) with hydrology 
being the most important proponent (Gosselink and Turner, 1978). With the threat of 
global change, there is uncertainty regarding the effect that rising sea level and salt water 
intrusion may have on tidal freshwater marshes; sea level rise will primarily affect these 
systems through the increase in salt rather than flooding.  
The impacts of salt water intrusion could ultimately change nutrient cycling and the 
sequestration of carbon. With the addition of salt into these systems, there will be an 
effect on the nitrogen and phosphorus cycles. As the salt invades into these tidal 
freshwater marshes, there will be an associated increase in the ionic strength with the 
addition of the salt water cations. In the nitrogen cycle, NH4+ binds to the soil particles, 
but with the introduction of additional cations there is the possibility for competition 
between NH4+ and the cations of the salt water. Within the nitrogen cycle, this increase in 
cation availability will limit the amount of space available for NH4+ to bind to soil  
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particles (Neubauer and Craft, in press). In fact, Seitzinger, S.P., et al. found that the salt 
water cations displaced the NH4+ (1991). Salt water intrusion also has similar trends on 
the phosphorus cycle of tidal freshwater marshes. At a lower salinity, the soil sorption is 
higher leaving less phosphorus in the porewater interface. As the salinity rises, this 
sorption ability is reduced due to the chemical and physical properties of the soil particles 
(Sundareshwar and Morris, 1999). This results in increase in phosphorus availability, 
which is often controlled by redox-mediated mechanisms, which were not observed in 
this study.  
In this study, the total nitrogen concentrations showed there was a decrease in the 
total nitrogen between 0 and 35 psu of the Waccamaw River marsh interior and a 
constant concentration between 0 and 35 psu of the Waccamaw River creekbank and the 
Sweet Hall levee (Table 2). In terms of phosphorus, the Waccamaw River marsh interior 
and Sweet Hall Marsh levee soils had both a decrease in the total phosphorus 
concentrations or similar total phosphorus concentrations between 0 and 35 psu (Table 
2). In order for conclusions to be drawn, more information about the partitioning between 
organic and inorganic nutrient forms following extractions would be helpful in 
reconciling the data from this study with previous studies that have only examined 
inorganic nitrogen and phosphorus forms. Previous studies have focused primarily on 
inorganic nutrients although organic forms of nitrogen and phosphorus can be often more 
abundant (Morse, J.L., et al., 2004; Paludan and Morris, 1999). 
  22
As global climate changes, there is uncertainty regarding the effect that rising sea 
level and salt water intrusion may have on the carbon cycle of the tidal freshwater, as soil 
organic carbon in tidal freshwater wetlands that are impacted by salinity are poorly 
understood (Bai, J., et al., 2007). For these tidal freshwater marsh soils to act as carbon 
sinks, the organic carbon must be stabilized (Gulde, S., et al., 2008). Currently, there is 
no one mechanism that explains how soils are able to protect associated carbon, but 
rather a variety of mechanisms that are believed to be attributed to the storage of soil 
organic carbon (Smernik and Skjemstad, 2008; Kalbitz, K., et al., 2005; Six, J., et al., 
2002; Reemtsma, T., et al., 1999).  
A literature survey consistently yielded three driving mechanisms of soil organic 
matter stabilization against microbial decay and destabilization including (i) physical 
interaction with the mineral surface and associated metal ions (ii) spatial inaccessibility 
due to hydrophobic and hydrophilic interactions and (iii) selective preservation due to 
intrinsic reactions (i.e. entropy). 
(i.) Physical Interaction 
The first dominating mechanism, that is believed to be the most important, is the 
physical interaction of soil organic matter with the mineral surface and associated metal 
ions. More than ninety percent of organic matter is preserved to mineral surfaces, which 
controls the lability and quantity of organic matter available (Keil, R.G., et al., 1994). On 
the surface of soil minerals, there are microaggregates and macroaggregates that are able 
to hold and sustain soil organic carbon. The amount of carbon storage for the 
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microaggregates is much lower than the macroaggregates, but once the microaggregates 
have sequestered carbon for a long enough duration, the amount of stabilization 
increases. Macroaggregates are important in that these function as binding agents that 
hold the microaggregates together; hence, macroaggregates have a higher amount of soil 
carbon when including the carbon associated with microaggregates (Gulde, S., et al., 
2008). Studies have also shown that the sorption between microaggregates and 
macroaggregates can be preferential- with the addition of organic matter, 
microaggregrates filled first with less organic matter in the macroaggregates (Kaiser, K., 
et al., 2007). With this protection provided by the soil pores, this reduces the functioning 
of hydrolytic enzymes to be able to decay the organic matter (“Pore Protection 
Hypothesis;” Mayer, 1994).  
Large surface area on minerals also promotes the stabilization of soil organic 
matter (Spielvogel, S., et al., 2008; Kaiser and Guggenberger, 2003). The amount of 
organic matter preservation is controlled by mineral surface area, not the amount of 
organic matter that is available. When there is a high amount of surface area available, 
there is more storage capacity available to be used. As this surface area is reduced, there 
is less available pore space for organic matter to be stored and stabilized (Keil, R.G., et 
al., 1994). Dissolved organic carbon at these sites can also influence the mobility and 
sorption of other inorganic solutes, like sulfate (SO42-), in soils through preferential 
sorption (Kaiser and Guggenberger, 2003). If a soil exchange site is dominated by 
dissolved organic carbon, this can prevent the sorption of SO42- to the soil exchange site. 
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This can be attributed to competition; mineral horizons can have greater affinity of DOC 
over SO42- resulting in a decrease in the DOC concentration in the soil leachates, but an 
increase in the SO42- concentration (Vance and David, 1992). Similarly, stabilization of 
soil organic carbon can be controlled by the presence of metal ions, specifically iron (Fe) 
and aluminum (Al) (Kaiser, K., et al., 2007). These metal ions have the ability to stabilize 
the soil organic carbon that accumulates within the soils; unfortunately, this cannot be 
used to explain any of the results from this research, as iron and aluminum concentrations 
were not determined for the respective soil types. 
Finally, stabilization can be controlled by the grain size. As Mayer termed in 
1994, the “grain size relationship” is the interaction between the soil organic carbon and 
the amount of surface area available deemed by the grain size (gravel>sand>silt>clay). 
Several studies have found that clay is an excellent sorption matrix for soil organic 
carbon, as it is the smallest grain size with larger surface area (Mayer, 1994; Wang and 
Lee, 1993). Sweet Hall Marsh levee had the highest percentage of clay of 11% while the 
Waccamaw River marsh interior had the next highest amount of 8%. In contrast, the 
Waccamaw River creekbank soil had 0% of clay (Table 1). Between the Waccamaw 
River creekbank and the Sweet Hall levee, the amount of carbon desorbed was nearly 
identical, even though the percentage of clay within the soils was different. These results 
suggest that clay may not be a major controlling factor on how much DOC is desorbed 
from marsh soils, as there was no correlation between clay amounts and DOC desorption. 
  25
This implies that desorption of carbon from mineral particles may not be the most 
important mechanism, but may be a secondary mechanism that plays a role.  
(ii.) Spatial Inaccessibility 
The second mechanism that is believed to contribute to soil organic carbon 
stabilization is spatial inaccessibility through hydrophobicity (Lützow, M.V., et al., 2006; 
Guggenberger and Kaiser, 2003; Capriel, 1997). Hydrophobicity is the mechanism by 
which the wettability of the surface is reduced leading to the reduction of organic matter 
availability by microbial communities (Lützow, M.V., et al., 2006). Soil organic matter is 
hydrophobic based on the chemical components that it is made of; hydrophobic elements 
include aliphatic C-H groups that are often associated with methyl, methylene and 
methane groups (Capriel, 1997). Hydrophobic DOM will be retained in the soil and 
hydrophilic DOM will be released from the soil (Guggenberger and Kaiser, 2003). 
Smaller soil texture particles with greater surface area are considered to be more 
hydrophobic (Lützow, M.V., et al., 2006; Reemtsma, T., et al., 1999; Capriel, 1997). 
Overall, by reducing the availability of this organic matter to the microbial communities, 
this mechanism ensures that organic matter will be stabilized. 
(iii.) Selective Preservation 
The final mechanism that is believed to attribute to the stabilization of soil 
organic matter is through selective preservation through intrinsic reactions (Reemtsma, 
T., et al., 1999; Torn, M.S., et al., 1997; Keil, R.G., et al., 1994). Soil organic carbon can 
be divided into two pools, labile and active and stable and passive. Between the two 
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pools, the rates of turnover/entropy of the associated soil organic carbon can be different. 
The labile, more active pool has a rapid turnover, while the stable pool has a much slower 
turnover that can last centuries to millennia long (Gulde, S., et al., 2008; Torn, M.S., et 
al., 1997; Wang and Lee, 1993). When the organic matter does become stabilized and 
sorbed to the mineral soils, this stabilization slows remineralization by five times. 
Typically, older sediments will degrade at slower rates than younger sediments (Keil, 
R.G., et al., 1994). Overall, without the sedimentary matrix, the remineralization rates of 
soil organic carbon would be much higher because these pools are intrinsically reactive.  
Based on the above three mechanisms, physical interaction, spatial inaccessibility, 
and selective preservation, no one mechanism seems to be in control alone. This was also 
supported by several review papers (Lützow, M.V., et al., 2006; Kalbitz, K., et al., 2000). 
It appears as though these mechanisms work together, with spatial inaccessibility being 
the most important mechanism. I hypothesized that this mechanism is the most important 
because in order for soil organic carbon to be stabilized at all, it must come into contact 
with the soil; therefore, the interactions that occur between the mineral surface and 
associated metal ions are key to ensure that stabilization does occur. 
Other than the mechanisms that may be attributed to the results found in the 
Sweet Hall Marsh mineral soils, another reason for the results associated may be due to 
previous salt water intrusion. Based on salinity measurement data taken from the 
Centralized Data Management Office associated with this NEERS location from 2008 to 
2009, it is noted that there is a pulse of salinity approximately 5 parts per thousand (ppt) 
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intruding into the system. With the intrusion of salt water into this marsh system, there is 
the possibility that carbon could have been previously desorbed (Figure 3). This may also 
attribute to the DOC concentrations not declining in an exponential fashion when 
desorbed with a salinity of 5 psu. One way to test this in the future would be to obtain 
mineral soil from a tidal freshwater marsh that has not been inundated with salt water. 
Dissolved organic carbon is quantitatively significant and is the organic carbon 
pool that is primarily responsible for fueling aquatic bacterial metabolism. By elucidating 
the lability of the dissolved organic carbon and its metabolic fate, it can provide a clearer 
picture of how riverine inputs of dissolved organic carbon ultimately affect the 
biogeochemistry and subsequent food webs associated with the connected oceans.  
This research is also substantially important in addressing the effect of how the 
transfer of organic material from the terrestrial ecosystem to the aquatic systems will play 
a role in the carbon cycle and its effects that it will have on the structure of coastal 
wetland ecosystems. By understanding these effects, the consequences that may be 
associated with the global carbon cycling and the nutrient supply provided by these 
coastal wetland ecosystems may be projected. Because the carbon cycle is closely 
connected to the climate, understanding of the transfer of organic carbon between the 
terrestrial system and the aquatic system will ultimately give better understanding and 
insight of how this close relationship will be affected by climate change in years to come 
and how these tidal freshwater marshes will be affected by sea level rise, salt water 
intrusion and other associated climate changes.  
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For my research, I found that indeed there is an increase in the amount, rate and 
consumption of dissolved organic carbon with the increase in salinity. In opposition to 
these results, Dou, F., et al., 2008 found that there was more soil organic carbon 
associated with freshwater than salt water intrusion. These results were attributed to 
flocculation where there was reabsorption of carbon.  
The initial hypothesis thought that the main differences between amount, rate and 
percentage of soil organic carbon with increasing salinity would be contributed to the 
difference in the soil organic matter percentage. Considering the results at hand, it may be 
more of the position of the soil within the tidal freshwater marsh. Those soils that are 
exposed closer to creeks are constantly being flushed and therefore may have less sorbed 
carbon whereas interior porewaters tend to be more stagnant and thus less sorbed C will 
be flushed out; therefore more carbon will be sorbed and potentially released when 
extracted). Further research is required to determine if this is indeed the case. 
 In the future, carbon cycling of the soils within these ecosystems needs to be 
understood better in order to understand how global climate change will affect the storage 
of carbon. Future work could look at the effect of salt water intrusion on the 
remineralization abilities of the microbial communities. With the shift from fresh water to 
salt water, there is also a change in the microbial community processes from 
methanogenesis to sulfate reduction (Henman, 2008; Doyle and Krauss, 2007). As soils 
become inundated, the soils go from aerobic to anaerobic giving rise to reducing 
conditions.  
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Research has also shown that as sea level rises, tidal freshwater marshes have the 
ability to vertically accrete in order to prevent submergence. The persistence of tidal 
freshwater marshes can be attributed to organic and mineral soil components, which can 
be linked with this current research that studied tidal freshwater marshes with respective 
organic and mineral soils. Vertical accretion is believed to occur at the same rate or faster 
than the current rate of sea level rise. A literature review by Neubauer found that organic 
matter contributes more than four times more to marsh accretion than mineral matter 
(2008). Future research could look closely at the accretion rates in these two tidal 
freshwater marshes to determine the effects that the organic and mineral components 
would contribute (Neubauer, 2008).  
Overall, tidal freshwater marshes are important ecosystems that are carbon sinks 
within the global carbon cycle. Within the marsh, organic matter has several paths that it 
can take including remineralization back to carbon dioxide and methane, retention in the 
system, consumption and exportation to adjacent environments (“Outwelling 
Hypothesis;” Odum, 1980; Neubauer, S.C., et al., 2000). Knowledge of how global 
climate change will stress these ecosystems is critical to predicting effects to carbon 
cycling that will be within these tidal freshwater marshes. 
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Table 1. Soil properties of soils collected from Sweet Hall Marsh, Virginia and 
Waccamaw River Marsh, South Carolina. 
 
Property Location 
  
Sweet Hall Marsh, Virginia Waccamaw River Marsh, South Carolina
Mineral Organic1 Organic2 
Soil Texture Sandy Loam Sandy Loam Sand 
Soil Components   
% Sand 64% 74% 96% 
% Silt 25% 18% 4% 
% Clay 11% 8% 0% 
Soil pH 5.8 6.9 5.7 
Organic Matter % Content 14.0±1.1 63.5±2.9 50.2±0.5 
Cation Exchange Capacity 15.1 20.6 15.9 
Percent Base Saturation   
% Potassium 3.0% 7.3% 2.0% 
% Magnesium 53.4% 63.1% 17.8% 
% Calcium 24.6% 28.2% 59.1% 
% Hydrogen 19.0% 1.4% 21.1% 
% Carbon 5.9±1.6 16.6±19.4 16.4±6.7 
% Nitrogen  0.6±0.1 1.1±1.2 1.1±0.5 
Carbon:Nitrogen (C:N, mass basis) 10.6±1.6 15.5±1.9 14.9±0.2 
1- Marsh Interior 
2- Creekbank 
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Table 2. Average total nitrogen (mg of nitrogen per g of soil) and total phosphorus (mg of 
phosphorus per g of soil) of soil leachates. Values are given as mean ± s.d. (n=3). 
 
Location Soil Type Salinity (psu) 
    0 35 0 35 
    
Average total  
nitrogen (mg of nitrogen 
per g of soil) 
Average total 
phosphorus (mg of phosphorus 
per g of soil) 
Waccamaw River 
Marsh, South Carolina Organic1 0.8±0.1 0.6±5.8x10-3 0.1±1.0x10-2 2.7x10-2±5.8x10-3 
  Organic2 0.4±3.6x10-2 0.4±0.1 3.3x10-2±5.8x10-3 3.3x10-2±5.8x10-3 
            
Sweet Hall Marsh, 
Virginia Mineral 0.1±1.7x10-2 0.1±5.8x10-3 0.1±5.8x10-3 3.0x10-2±1.7x10-2 
1- Marsh Interior;     
2- Creekbank      
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Table 3. Average total nitrogen and phosphorus ratios. Values are given as mean ± s.d. (n=3). 
Location Soil Type Salinity (psu) 
    0 35 
    Average TN:TP  
Waccamaw River Marsh, South Carolina Organic1 8.0±2.1 22.2±4.9 
  Organic2 12.1±1.7 12.1±3.4 
        
Sweet Hall Marsh, Virginia Mineral 1.0±0.3 3.3±2.1 
            1- Marsh Interior;     
                    2- Creekbank      
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Table 4. Average carbon to total nitrogen to total phosphorus ratios of soil leachates. Values are 
given as mean ± s.d.  (n=3). 
 
Location Soil Type Salinity (psu) 
    0 35 
    Average C:N:P  
Waccamaw River Marsh, 
South Carolina Organic1 12.0: 8.0: 1.0 62.9: 22.2: 1.0 
  Organic2 18.2: 12.1: 1.0 21.2: 12.1: 1.0 
        
Sweet Hall Marsh, Virginia Mineral 7.0: 1.0: 1.0 20.0: 3.3: 1.0 
            1- Marsh Interior;     
                    2- Creekbank   
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Table 5. Average amount of carbon desorbed in mg of carbon per g of soil. Values are given as 
mean ± s.d. (n=3). 
 
Location 
Soil 
Type Salinity (psu) 
    0 5 10 20 35 
    Average amount of carbon desorbed (mg of carbon per g of soil) 
Waccamaw River 
Marsh, South 
Carolina Organic1 1.2±2.1x10-2 0.9±1.0x10-2 1.3±2.1x10-2 1.4±1.2x10-2 1.7±2.0x10-2 
  Organic2 0.6±2.0x10-2 0.5±3.9x10-3 0.5±4.1x10-3 0.6±8.1x10-3 0.7±1.1x10-2 
        
Sweet Hall Marsh, 
Virginia Mineral 0.7±4.2x10-2 0.5±1.4x10-2 0.6±4.7x10-2 0.6±2.2x10-2 0.6±2.3x10-2 
1- Marsh Interior;     
2- Creekbank       
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Table 6. Average percentage of dissolved organic carbon (DOC) consumed in bioavailability 
incubations. Values are given as mean ± s.d. (n=3). 
 
Location 
Soil 
Type Salinity (psu) 
    0 5 10 20 35 
    
Average percentage of  
dissolved organic carbon (DOC) consumed 
Waccamaw River Marsh, 
South Carolina Organic1 53.4±1.1 38.8±2.6 70.4±0.6 60.5±1.3 58.4±2.3 
  Organic2 32.8±0.2 42.2±1.4 40.5±1.5 43.0±2.5 46.0±2.2 
        
Sweet Hall Marsh, Virginia Mineral 15.1±11.7 42.0±3.5 44.3±2.3 15.0±23.8 12.4±9.1 
1- Marsh Interior;     
2- Creekbank       
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Table 7. Decay rates and r2 values of non-linear first order exponential decay curves using the 
formula y=y0 + Ae –kt.  Decay rates (k) are given as mean ± s.d. (n=3). 
 
Location Soil Type Salinity (psu) 
    0 35 0 35 
    Decay Rate (k d-1) r2 value 
Waccamaw 
River Marsh, 
South Carolina Organic1  0.1±2.9x10-2 0.2±3.8x10-2  0.97 0.97 
  Organic2  0.2±4.7x10-2  4.4x10-2±2.9x10-2  0.93 0.87 
            
Sweet Hall 
Marsh, Virginia Mineral 0.3±0.3  0.5±0.4  0.53 0.66 
   1- Marsh Interior;   
    2- Creekbank 
 
 
 
 
 
 
 
 
 
 
  
Figure 1. Map of Waccamaw River Marsh sites within Brookgreen Gardens in South 
Carolina located in proximity to Brookgreen Creek and Waccamaw River (Courtesy of: 
Google Earth) 
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Figure 2. Map of Sweet Hall Marsh site located on the Pamunkey River in Virginia 
(Courtesy of: Google Earth) 
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A
 
B. 
Figure 3. Salinity measurements in parts per thousand (ppt) from 2008 and 2009 (A-B) 
from the Pamunkey River along Sweet Hall Marsh, Virginia (Courtesy of: Centralized 
Data Management Office http://cdmo.baruch.sc.edu). 
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Figure 4. Average total desorbed nitrogen (TN) to total desorbed phosphorus (TP) ratios 
in comparison to average dissolved organic carbon (DOC) desorbed in mg of carbon per 
g of respective organic and mineral soils in Waccamaw River Marsh, South Carolina (A) 
and Sweet Hall Marsh, Virginia (B). Error bars denote standard deviation. 
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Figure 5. Average total desorbed nitrogen (TN) to total desorbed phosphorus (TP) ratios 
in comparison to average C:N ratios of respective organic and mineral soils in 
Waccamaw River Marsh, South Carolina and Sweet Hall Marsh, Virginia. Error bars 
denote standard deviation. 
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Figure 6. The average amount of carbon desorbed in mg of C per g of respective organic 
and mineral soils from Waccamaw River Marsh, South Carolina (A) and Sweet Hall 
Marsh, Virginia (B). Averages determined from triplicate incubations. Error bars denote 
standard deviation. 
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Figure 7. The average percentage of dissolved organic carbon (DOC) consumed in 
bioavailability incubations from respective organic and mineral soils in Waccamaw River 
Marsh, South Carolina and Sweet Hall Marsh, Virginia. Averages determined from 
triplicate incubations. Error bars denote standard deviation. 
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Figure 8. Non-linear first order exponential decay curves of average dissolved organic 
carbon (DOC) concentrations from respective organic and mineral soils in Waccamaw 
River Marsh, South Carolina (A-B) and Sweet Hall Marsh, Virginia (C) at 0 psu (closed 
symbol) and 35 psu (open symbol). 
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APPENDIX A 
 
Excitation-emission fluorescence spectroscopy (EEM) - Parallel Factor Analysis 
(PARAFAC) Model 
 
 
 
Following the filtration of the leachates, approximately 15 mL of each sample 
bottle was collected for excitation-emission fluorescence spectroscopy to aid in the 
assessment of the optical properties and chemical nature of the dissolved organic matter 
that is associated with each soil and salinity treatment. These samples were run according 
to the protocol outlined by Yamashita, Y. et al., 2008 at Florida International University.  
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Table 1. Distribution of the fluorescence intensity of the six identified components of the 
Waccamaw River Marsh, South Carolina organic matter desorption experiments in 
August and November 2008. All numbers are averages of the triplicate samples with 
standard deviation less than 10%. Triplicate samples were sent and processed at Florida 
International University. 
 
Date Site Salinity PARAFAC 
     (psu) Fluorescence intensity 
      
Comp. 
1 
Comp. 
2 
Comp. 
3 
Comp. 
4 
Comp. 
5 
Comp. 
6 SUM 
August-08 Creekbank 0 159 160 85 46 19 32 501 
    5 50 62 47 25 32 27 243 
    10 48 60 47 21 32 25 231 
    20 90 89 67 19 33 33 332 
    35 117 104 79 12 35 34 381 
      
August-08 Marsh  0 59 133 86 81 59 86 504 
  Interior 5 0 48 47 44 51 48 238 
    10 5 48 47 38 48 58 245 
    20 7 55 49 36 47 94 287 
    35 18 67 59 34 55 117 350 
November-
08 Creekbank 0 239 206 97 72 13 40 667 
    5 89 89 65 25 34 33 335 
    10 66 75 59 20 37 24 281 
    20 124 115 89 11 43 27 408 
    35 152 135 101 3 42 26 460 
      
November-
08 Marsh  0 104 188 96 113 79 124 704 
  Interior 5 5 54 52 41 55 51 257 
    10 1 34 30 26 33 43 167 
    20 8 26 24 8 18 23 108 
    35 8 30 24 7 24 27 120 
 
 
 
 
 
 Table 2. Distribution of the relative abundance of the six identified components of the 
Waccamaw River Marsh, South Carolina organic matter desorption experiments in  
August and November 2008. All numbers are averages of the triplicate samples with 
standard deviation less than 10%. Triplicate samples were sent and processed at Florida 
International University. 
 
Date Site Salinity PARAFAC 
     (psu) Relative abundance 
      %C1 %C2 %C3 %C4 %C5 %C6 
August-08 Creekbank 0 32 32 17 9 4 6 
    5 20 26 19 10 13 11 
    10 21 26 20 9 14 11 
    20 27 27 20 6 10 10 
    35 31 27 21 3 9 9 
      
August-08 Marsh  0 12 26 17 16 12 17 
  Interior 5 0 20 20 18 21 20 
    10 2 20 19 16 20 24 
    20 2 19 17 13 16 33 
    35 5 19 17 10 16 33 
November-
08 Creekbank 0 36 31 15 11 2 6 
    5 27 27 19 7 10 10 
    10 23 27 21 7 13 8 
    20 30 28 22 3 10 7 
    35 33 29 22 1 9 6 
      
November-
08 Marsh  0 15 27 14 16 11 18 
  Interior 5 2 21 19 15 20 23 
    10 1 21 18 13 19 28 
    20 8 24 22 7 17 21 
    35 7 25 20 6 20 22 
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 Table 3. Characteristics of the six components derived in the Waccamaw River Marsh, 
South Carolina organic matter desorption experiments. * Ter, Aut and Ant means origin 
of terrestrial, autochthonous and anthropogenic, respectively. ** were identified in the 
Antarctic data set only (Cory and McKnight, 2005), indicating microbial origin. 
 
Component 
Excitation 
maximum 
Emission 
Maximum 
Coble 
et al., 
1998 
Stedmon 
and 
Markager, 
2005* 
Cory and 
McKnight, 
2005 
FCE_Model 
(Yamashita 
and Jaffé, 
2008) 
Tentative 
Assignment 
1 < 260 (305) 431 A/C - Q1 or C10 1 (Ter) 
Fulvic acid-
type 
2 <260 (390) 515 - 2 (Ter/Aut) SQ1 2 (Ter) 
Humic acid-
type 
3 265 (365) 451 - 4 (Ter/Aut) SQ2** 5 (Microb) 
Microbial 
humic-like 
4 <260 (315) 448 A/C - - - 
Terrestrial 
humic-like 
5 310 (<260) 405 M 
3 (Ter) or 6 
(Ant) 
Q3** or 
C3** 4 (Microb) 
Microbial 
humic-like 
6 280 335 T 
7 (Protein-
like) 
C13 
(Protein-
like) 
7 (Protein-
like) Protein-like 
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A. B. C. 
D. E. F. 
Figure 1. The EEM Contours of the six fluorescent components identified by PARAFAC 
of the Waccamaw River Marsh, South Carolina organic matter desorption experiments. 
Components A: Fluvic acid-type; B: Humic acid-type; C: Microbial humic-like; D: 
Terrestrial humic-like; E: Microbial humic-like; F: Protein-like. 
 
 
 
 
 
 
 
 
 
 58
  59
VITA 
 
Lindsey Michelle Koren was born on May 17, 1985, in Richmond, Virginia. She 
graduated from Manchester High School, Midlothian, Virginia in 2003. She received her 
Bachelor of Science (Magna Cum Laude) in Biology from Old Dominion University, 
Norfolk, Virginia in 2007. While at Virginia Commonwealth University, she has taught 
both biological and ecological laboratories to undergraduate students. Following the 
completion of her Master of Science degree, she will continue at Virginia 
Commonwealth University in the Ph.D. Integrative Life Sciences Program. 
 
